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Dealing with loss of bone stock because of failure of the acetabular component is a challenging task for orthopaedic surgeons during revision total hip arthroplasty (THA). Various techniques are available to treat the acetabular deficiency after a failed THA, including the use of large components with 1 or without cement, [2] [3] [4] [5] [6] [7] specially designed implants, 8 and structural [9] [10] [11] or impacted allografts [12] [13] [14] [15] [16] with a cemented polyethylene component. If an attempt is made to restore the bone stock and the normal centre of hip rotation, the choices are limited to impaction bone grafting and structural allografts. Some studies have reported a high rate of failure with the use of structural allografts in revision hip arthroplasty. [9] [10] [11] Impaction allografting for acetabular reconstruction is a well known technique 15, 16 and its longterm outcome for acetabular revision is promising.
14 A combination of morsellised allografts and an anti-protrusio cage or a reinforcement ring, has been employed in the management of massive acetabular bone loss, 17, 18 but this is an expensive procedure. There is also a possibility of late resorption of the allograft because of stress protection underneath a rigid metal ring. 14 Our aim was to evaluate the clinical and radiological results of using morsellised allogenic bone grafts combined with a cemented metal-backed acetabular component with screw fixation in the treatment of acetabular bone loss in revision THA.
Patients and Methods
Between May 1995 and July 2001, 55 patients (60 hips) underwent a revision THA, using a technique which employed morsellised allogenic bone grafting and a cemented metalbacked acetabular component with screw fixation, because of acetabular deficiency. Five were lost to follow-up.
There were 31 women and 19 men, with a mean age of 56 years (29 to 82) at the time of revision surgery. The indication for revision arthroplasty was aseptic loosening in 49 hips and septic loosening in six. The femoral component was also revised using cement in 12 hips. The mean interval between the previous THA and our revision operation was 8.8 years (1 to 16). Three patients (three hips) had previously undergone a revision arthroplasty six to eight years earlier, in which non-cemented revision of the acetabular component had been performed in two hips and cemented revision in one. Nonunion of the greater trochanter was noted before our intervention in two of the three failed revisions.
Of the remaining 52 hips, eight had a resection arthroplasty at a period ranging from four months to ten years or more, before the revision operation. Six of these were performed at our institution for septic loosening and two at other hospitals, for poor bone stock at the acetabular site in one, and unknown pathology in another. The hip with the unknown pathology had a resection arthroplasty more than ten years previously. A further two hips had an uncemented bipolar hemiarthroplasty previously and two had cemented fixation of the acetabular component at the primary THA. The remaining 40 hips had uncemented fixation of the acetabular component at the primary THA.
The prostheses used for the 42 primary THAs were the Omnifit implant (Osteonic, Allendale, New Jersey) in 27 hips, the Porous Coated Anatomic (PCA; Howmedica, Rutherford, New Jersey) in 11, the Harris-Galante prosthesis I (Zimmer, Warsaw, Indiana) in one, the C-fit system (Corin, Tampa, Florida) in one and the New-Müller system in two. The prostheses used for two bipolar hemiarthroplasties were the C-fit systems (Corin).
The diagnosis at the time of the primary procedure was osteonecrosis of the femoral head in 18 hips, osteoarthritis in 28, post-traumatic arthritis in four, ankylosing spondylitis in three, old tuberculous arthritis in one and developmental dysplasia of the hip in one. The acetabular defects were classified at revision surgery after surgical debridement according to the system of the American Academy of Orthopaedic Surgeons. 19 There were 14 hips which had a type-II defect (cavitary) and 41 with a type-III (combined) defect. Extensive osteolysis with intra-pelvic extension of the loose component was noted in three hips (Fig. 1 ).
There were six revisions performed as a result of septic loosening. The causative micro-organism was methicillinresistant Staphylococcus aureus (MRSA) in three, Staphylococcus aureus in one, Escherichia coli in one and mixed infection by Salmonella and MRSA in one. All six infected hips were treated by a two-stage revision procedure. The first stage consisted of removal of the implant and devitalised tissue, and insertion of antibiotic-impregnated cement beads. This was followed by parenteral antibiotic therapy for four to six weeks and oral antibiotics for six weeks. Serial laboratory tests, including measurement of the erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) were performed to monitor progress. The second stage (revision arthroplasty) was performed only after clinical resolution of infection, as shown by the return to normal of the values for ESR and CRP. The mean interval between the two stages was seven months (4 to 14). Operative technique. The revision arthroplasty was performed through a posterior approach in all patients. The failed acetabular component was removed and the underlying soft-tissue membranes and/or foreign-body granulomata presenting as osteolytic lesions, were thoroughly debrided. The extent of the acetabular deficiency was assessed and recorded. The acetabulum was reamed to an appropriate size and cancellous allograft chips (6 mm to 8 mm thick), taken from deep-frozen femoral-head allograft, were impacted to fill the cavitary defects. When a segmental defect was identified, large cancellous allograft bone chips were packed within the defect to recreate a peripheral rim for the acetabular cavity, as described by Azuma et al. 12 The final acetabular component was selected after insertion of an appropriately-sized trial component. The principle was to obtain a rim fit for the trial acetabular component, especially in the anteroposterior plane. By applying this principle, most of the acetabular deficiencies at revision arthroplasty, with the exception of massive superior and/or posterior segmental defects, have been managed satisfactorily at our institution. The indication for revision of the acetabular component with cement was cover of more than 50% of the acetabular cavity with morsellised allograft. 20 A metal-backed, porous-coated acetabular component of the selected size was cemented to the restored acetabulum. Two screws of sufficient length were inserted into the superior and posterosuperior quadrant of the acetabulum to achieve primary stability of the component and bone graft before the cement had polymerised (Fig.  1b) . This was followed by insertion of the polyethylene liner. The acetabular component used for the revision was an Omnifit PSL microstructured implant (Osteonic) in 28 hips, a Perfecta (Wright, Arlington, Tennessee) in 18, a PCA (Howmedica) in eight and a Harris-Galante prosthesis II (Zimmer) in one. Applying the guideline advocated by Azuma et al, 12 severe superior segmental deficiency or a large posterior-column defect, combined with cavitary defects was considered a contraindication for this technique. Structural allograft reconstruction for stability of the acetabular component has been described for managing defects of this severity. 16 If a structural allograft reconstruction was required, a reinforcement ring or cage was added to protect the graft and prevent early collapse. During this period, there were five cases which required a reinforcement ring and structural allograft reconstruction. Antibiotic-impregnated cement was used for fixation of the acetabular component in all but four hips. Cefazolin was used in 37 hips, vancomycin in 12, streptomycin in one and tobramycin in one.
The femoral component was also revised in 12 hips, in six because of aseptic loosening and in six for septic loosening. Fracture of the greater trochanter induced by osteolysis was noted in seven hips, each of which required an allogenic bone graft and wire fixation. Allograft struts were used to reconstruct the proximal femur because of extensive cortical defects induced by osteolysis in three hips, and to manage an iatrogenic spiral fracture of the femoral shaft in one. The nonunion of the greater trochanter in two hips with a history of previous revision, was treated by wire fixation and allogenic bone graft.
Prophylactic parenteral cephalosporins and gentamicin were administered for three days post-operatively. The patients were kept in bed for three days, after which mobilisation, non-weight bearing on the operated limb, was allowed if the hip was stable, indicating an intact greater trochanter, good anteroposterior stability of the component in the acetabulum and good soft-tissue stability around the hip after reconstruction. Patients with an unstable hip were kept in bed with skin traction for seven days, after which they were allowed to start walking with hip abduction brace. Applying the above criteria, there were 34 stable hips and 21 unstable hips. Partial weight-bearing was begun at six to 12 weeks post-operatively. Full weight-bearing was permitted only after radiological evidence of allograft consolidation, or healing of the greater trochanter. Patients with an unstable hip wore an abduction brace for three to six months to allow healing of the allograft and the greater trochanter. Clinical and radiological evaluation. All the patients were examined clinically and radiologically pre-operatively and at a mean follow-up of 5.8 years (3 to 9.5 years) postoperatively. Their clinical status was assessed using the Harris hip score. 21 Anteroposterior and lateral radiographs of the hip were taken at each follow-up. The implant-bone interface and migration of the acetabular component in the horizontal and the vertical direction were examined on the immediate post-operative and final follow-up radiograph. Acetabular loosening was defined if the sum of the acetabular migration in the horizontal and the vertical direction was ≥ 4 mm, the change in the acetabular inclination angle was > 5˚ and there was a radiolucent line of > 1 mm in all the three zones as described by DeLee and Charnley, 22 or breakage of a screw. 13 The graft was defined as being incorporated when its density and architecture were equal to those of the surrounding host bone with a continuous trabecular pattern. 23 Radiological assessment of the revised cemented femoral components was performed using the method described by Harris, McCarthy and O'Neill. 24 For the uncemented femoral components which were not revised, stability was assessed using the method described by Engh, Bobyn and Glassman. 25 Statistical analysis. Survivorship analysis was performed using the Kaplan-Meier method, 26 with revision of the acetabular component for aseptic loosening or radiological evidence of acetabular loosening as the end-points.
The pre-operative and the most recent Harris hip scores were compared using the paired t -test. The level of signifi-cance was set at p < 0.05. All analyses were performed using SPSS software version 10 (SPSS Inc., Chicago, Illinois).
Results
Clinical findings. At the time of the latest follow-up, 41 hips (75%) were free from pain, ten had slight pain (18%), two moderate pain (3.5%) and two severe pain (3.5%). The mean Harris hip score had improved from 33.6 points (6 to 58) pre-operatively to 87.7 points (50 to 97) at the latest follow-up. There were 28 hips (51%) which had an excellent result (90 to 100 points), 22 (40%) good (80 to 89), three (5.5%) fair (70 to 79) and two (3.5%) a poor result (less than 70). No further revisions were required for aseptic loosening. Two patients remained dissatisfied because of pain and the need to use a walking aid. Two had moderate pain, one due to peri-prosthetic osteopenia of the femur and in the other due to spinal stenosis. However, both could walk without aid. One patient had shortening of the affected limb by 2 cm and stiffness of the hip after a twostage revision for infection. The remaining 45 patients (50 hips, 90%) were satisfied with the outcome. Radiological findings. At the last follow-up, two hips had a complete radiolucent line > 1 mm at the cement-allograft interface without migration of the component at 5.8 and 6 years, respectively. Both patients had pain and walked with a limp. Their result was considered to be a failure. An incomplete radiolucent line of 1 mm was observed in two hips, one at zone 1 and the other at zone 3. Neither patient had symptoms.
All hips had complete incorporation of the allograft except for one in which partial resorption of the medialwall allograft was noticed one year after operation. This patient had protrusio of the acetabulum after revision. At three years, the radiographs showed incomplete incorporation of the allograft without loosening or migration of the acetabular component. All the seven hips with fracture of the greater trochanter induced by osteolysis had radiological union of the fracture. There was no evidence of loosening on the femoral side for the 12 cemented revisions and 43 unrevised femoral stems. Survivorship analysis. The probability of survival of the acetabular component at the mean follow-up of 5.8 years (3 to 9.5) was 96.4% (95% confidence interval 93 to 100), with radiological evidence of definite loosening as the endpoint.
Complications. Post-operative dislocation of the hip, the most common complication, occurred in four hips (7%), of which three were stable and one unstable. Three were posterior dislocations and one anterior. Of the three hips with posterior dislocation, two were successfully treated by closed reduction and an abduction brace. The unstable hip, with anterior dislocation, required a further operation to correct the orientation of the liner. One hip had dissociation of the femoral head and stem after closed reduction of a posterior dislocation and required exchange of the liner two months after the initial operation. Intra-operative fracture of the femoral shaft occurred in one patient. The revision procedure of this patient included a cemented acetabular component with morsellised allograft and a cemented long-stem femoral component with cortical strut allograft reconstruction. At seven years, the patient had minimal pain in the hip and the radiographs showed consolidation of the acetabular allograft and union of the strut allograft to the host femur. A 78-year-old woman had a fracture of the greater trochanter after a fall, six years postoperatively. No further surgical intervention was undertaken, although she had slight pain and a limp. Nonunion of the greater trochanter, which was present before the initial operation, was seen in one hip. There were no episodes of post-operative infection.
Discussion
Recently, the use of an uncemented titanium-fibre-metalcoated acetabular component in revision THA has achieved a high rate of survival at the medium-term follow-up. [2] [3] [4] [5] [6] [7] 27 However, a substantial rate of complications, including dislocation, trochanteric nonunion and nerve palsy has been reported. 2, 4, 7 Moreover, the use of a large uncemented component may be associated with further loss of bone stock in trying to achieve a reasonable contact of the porous surface of the component with the viable host bone. 13 Furthermore, pelvic osteolysis is a major problem at the long-term follow-up of uncemented components with depleted bone stock. 4 The goals of using allogenic bone grafts in acetabular reconstruction are to replace the deficient bone, restore normal biomechanics, equalise the leg lengths and obtain stability of the acetabular reconstruction. 28 Structural allografts may resorb with late failure of the reconstruction. [9] [10] [11] The latter occurred at a mean of 5.4 years post-operatively and was independent of the use of bone cement or combination with a metal mesh. 10, 29 Goldberg and Stevenson 30 concluded that morsellised cancellous grafts were completely replaced by new bone through creeping substitution, while cortical grafts remained a mixture of necrotic and viable bone for prolonged periods. In a goat model of impacted allografts, Schimmel et al 31 showed complete consolidation, revascularisation and incorporation of the allograft with viable bone marrow by 48 weeks. Heekin, Engh and Winh 32 have also shown complete incorporation of the morsellised allograft in a postmortem retrieval of an acetabular reconstruction. Similar findings were reported by other authors. 33 The technique of impaction bone grafting using a cemented acetabular component has achieved promising results. Schreurs et al 28 reported a survival of 90% at 11.8 years in 60 hips using this technique. Also, no revisions were required in a series of 24 acetabular reconstructions using impaction allografts and a cemented acetabulum at a mean follow-up of 5.8 years, although two patients had radiological loosening.
The key to the success of impaction allografting and cemented fixation of the acetabular component is stability 31, 34 of the allograft, which is provided by using grafts ranging from 7 mm to 10 mm and tight packing in the contained acetabular defect. 14, 35 The voids between the allograft chips may facilitate penetration of cement which possibly contributes to further stability of the reconstruction.
14, 35 The technique of impaction allografting is not technically challenging if the acetabular bone loss is primarily contained and has only minimal rim defects or a small segmental defect in the medial wall which does not compromise the initial anteroposterior stability of the acetabular component. However, if there is a moderate to severe segmental defect in the acetabulum which compromises the initial stability of the component, the stability provided by the allograft chips and impaction will be inadequate. The solution to this problem is the application of a metal mesh, 15 ,29 a cage 36 or a reinforcement ring, 18 all of which incur extra cost and are at times difficult to obtain in developing countries.
We used a porous-coated acetabular component to replace the function of the metal mesh to distribute the load on the hip evenly. After impaction of the graft in the lytic voids and patching the localised segmental defect with thick corticocancellous grafts of 6 mm to 8 mm, a selected porous-coated acetabular component which could provide initial rim fit was cemented into the new acetabulum. The acetabular composite of component, cement and allograft were further compressed and stabilised into the host acetabulum by two ancillary screws, driven across the composite anchored to the weight-bearing host bone, ensuring stability and even distribution of load to enable incorporation of the graft. At a mean of 5.8 years after surgery, all the hips except one had complete incorporation of the allograft in the acetabulum. None of the acetabular components was re-revised because of aseptic loosening. A similar technique has been reported for revision of an uncemented acetabular component with pelvic osteolysis in 47 patients (51 hips). 37 Only one hip in this series required a re-revision of the acetabular component at a mean follow-up of 41 months.
The use of impacted allograft chips in combination with a cemented metal-backed acetabular component and screw fixation can achieve good medium-term clinical and radiological results in patients with acetabular bone deficiency. However, a longer-term follow-up study is still necessary.
